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Research Note
The Effect of Varying Mix Uniformity (Simulated) of Phytase on Growth
Performance, Mineral Retention, and Bone Mineralization in Chicks1,2,3
S. L. Johnston and L. L. Southern4
Department of Animal Science, Louisiana State University Agricultural Center, Baton Rouge, Louisiana 70803-4210
ABSTRACT An 18-d experiment was conducted to determine the effect of varying mix uniformity of phytase
on growth performance, mineral retention, and bone mineralization in chicks. Chicks (initial and final weights were
74.5 and 803.3 g) were allotted to seven treatments with
six (Treatment 1) or seven (Treatments 2 to 7) replicates
of seven chicks per replicate in a completely randomized
design. Varying mix uniformity of phytase was simulated
by alternately providing two diets with two different concentrations of microbial phytase; the diets were switched
every 24 h. Treatments were: 1) positive control (CON)
(Ca, 1.0%; available phosphorus (aP), 0.45%), 2) negative
control (NEG) (Ca, 0.9%; aP, 0.35%), 3) NEG + 600 phytase
units (FTU) daily (CV0), 4) NEG + 500 or 700 FTU (CV17),
5) NEG + 400 or 800 FTU (CV34), 6) NEG + 200 or 1,000
FTU (CV69), or 7) NEG + 0 or 1,200 FTU (CV103). Gain,
feed intake, and bone breaking strength were similar (P >

0.15) in the CON and CV0 treatments, but these response
variables were decreased in the NEG treatment (P < 0.01).
Gain:feed was not affected by treatment (P = 0.15). Bone
ash was decreased (P < 0.02) by the NEG and CV0 treatments compared with the CON diet, but chicks fed the
CV0 diet had greater bone ash than those fed the NEG (P
< 0.01) diet. Increasing FTU CV decreased bone breaking
strength and bone ash (P < 0.01). Calcium and phosphorus
retention (P < 0.08) and gain (P < 0.09) were numerically
decreased, and phosphorus excretion was numerically
increased (P < 0.07) as FTU CV increased. The difference
between the CV0 and CV103 treatments was significant
only for bone breaking strength and ash (P < 0.01). In
conclusion, increasing phytase CV had little effect on
growth performance, whereas bone ash and breaking
strength and calcium and phosphorus retention and excretion decreased only at the most extreme CV.

(Key words: chick, phytase, mix uniformity, coefficient of variation, bone)
2000 Poultry Science 79:1485–1490

INTRODUCTION
Restrictions are being placed on the amount of phosphorus that can be applied to land, which increases the
cost and inconvenience of handling poultry and other
animal waste. Boland et al. (1998) reported that, depending on the amount of nitrogen volatilization, the
amount of land required for manure application under a
phosphorus application regulation was two to five times
higher than for the traditional nitrogen application regulation. Addition of dietary phytase has been shown to
increase the bioavailability of phytate phosphorus for
chickens (Nelson et al., 1968; Swick and Ivey, 1990; Denbow et al., 1995), turkeys (Ravindran et al., 1995; Qian et
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al., 1996; Yi et al., 1996), and swine (Cromwell et al., 1991;
Jongbloed et al., 1992; Kemme et al., 1997). The use of
phytase in diet formulation reduces the amount of total
phosphorus required in the diet and the amount in the
excreta (Jongbloed et al., 1992; Cromwell et al., 1993; Kornegay et al., 1997).
Diets fed to broiler chickens are in pellet or crumble
form because of the positive effects on growth rate (Reece
et al., 1985; Plavnick et al., 1997) and efficiency of gain
(McNaughton and Reece, 1984). Many phytase enzymes
are denatured when subjected to the temperature and
moisture of preconditioning required for pelleting (Jongbloed and Kemme, 1990). Consequently, a postpelleting
liquid application is recommended when pelleting at temperatures above 70 C (Coelho, 1996). However, some variation in the amount of phytase that is applied in this way
can be expected. A mean CV of 30% can be obtained using

Abbreviation Key: ADFI = average daily feed intake; ADG = average
daily gain; aP = available phosphorus; CON = positive control diet; CV0
= treatment providing 600 FTU; CV17 = treatment providing 500 or 700
FTU; CV34 = treatment providing 400 or 800 FTU; CV69 = treatment
providing 200 or 1,000 FTU; CV103 = treatment providing 0 or 1,200
FTU; FTU = phytase units; NEG = negative control diet.
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moderately priced equipment when phytase is applied
under industry conditions (F. McKnight, BASF Corporation, Farmerville, LA 71241, personal communication).
Although a CV of 10% or less has become the accepted
industry standard for mix uniformity of a complete diet,
McCoy et al. (1994) reported maximum growth performance in broiler chicks with a complete diet CV of 12 to
23%, depending on the method of analysis. Traylor (1997)
reported that nursery pigs required the complete feed to
be mixed to a CV of at least 12% for maximum growth
performance. Therefore, the objective of our research was
to determine the effect of varying mix uniformity (simulated) of phytase on growth performance, mineral retention, and bone mineralization in chicks.

MATERIALS AND METHODS
The experiment was approved by the University Animal Care and Use Committee. Three-hundred-thirty-six
Cornish Rock male chicks5 were used in this experiment.
From 0 to 4 d posthatch they were fed a corn-soybean
meal pretest diet similar to the nutritionally adequate
[1% Ca, 0.45% available phosphorus (aP)] diet in Table 1
(NRC, 1994). The chicks were held overnight without feed
and water, and then weighed, wing-banded, and allotted
to six (Treatment 1) or seven replicates (Treatments 2 to 7)
of seven chicks per replicate in a completely randomized
design. They were provided continuous light and were
housed in thermostatically controlled starter batteries
with access given ad libitum to feed and water. Chicks
had an average initial weight of 74.5 g and an average
final weight of 803.3 g.
Ten diets were used to create the following seven treatments: 1) positive control (CON; Ca, 1.0%; aP, 0.45%), 2)
negative control (NEG; Ca, 0.9%; aP, 0.35%), 3) NEG +
600 phytase units (FTU) daily (CV0), 4) NEG + 500 or 700
FTU (CV17), 5) NEG + 400 or 800 FTU (CV34), 6) NEG
+ 200 or 1,000 FTU (CV69), or 7) NEG + 0 or 1,200 FTU
(CV103) (Table 1). To simulate increasing CV, each pen
of chicks was provided feed in two feeders, which were
switched daily at 12:00 h. Both feeders provided to the
pens of chicks receiving the CON, NEG, or CV0 treatments contained the one appropriate diet for that treatment. Feeders provided to the pens of chicks receiving
the CV17, CV34, or CV103 treatments contained the two
diets that comprised the treatment, one feeder containing
the low-phytase diet and the other feeder containing the
high-phytase diet. The low or high phytase diets were
provided on alternate days, with feeders being switched
every 24 h. For example, for the CV17 treatment, the
feeder containing the NEG + 500 FTU was provided for
the first 24 h of the experiment. The following day, that
feeder was removed and replaced with the feeder containing 700 FTU. This procedure was repeated for the 18

5

Dodge City Farm Supply, Denham Springs, LA 70726.
BASF Corp., Mount Olive, NJ 07828.
Hobart Corp., Troy, OH 45374.

6
7

d of the experiment to provide a phytase CV of 17%. A
basal diet was prepared and divided into 10 parts. The
10 different diets were prepared by adding phytase, monocalcium phosphate, oyster shell flour, sand, or rice hulls
to the basal diet. Dietary calcium and aP levels were
attained by supplementing the basal diet with sand or
oyster shell flour and monocalcium phosphate to provide
0 or 0.1% added calcium and aP, respectively. Microbial
phytase (Natuphos 600威)6 replaced rice hulls in the diets
with added phytase. The basal diets with ingredients
added to make the 10 different diets were mixed with a
Hobart Mixer7 in stainless steel bowls for 15 min.
One FTU of phytase activity is defined as the quantity
of enzyme required to produce 1 µmol/min of inorganic
phosphorus from 5.1 mmol/L of sodium phytate at a pH
of 5.5 and a water bath temperature of 37 C. Diets were
analyzed by BASF for phytate (Table 2) using HPLC (Bos
et al., 1991) and for phytase activity using the vanadate
manual method (Chen, 1996). Diets were formulated such
that all nutrients, other than calcium and aP, met NRC
(1994) requirements.
Average daily gain (ADG), average daily feed intake
(ADFI), and feed efficiency were determined after the 18d experimental period. On Day 10, all litter pans were
cleaned, and from Days 11 to 16 of the experiment, all
excreta were collected, and feed intake was recorded for
the determination of calcium and phosphorus retention
and excretion. Excreta were weighed, subsampled, lyophTABLE 1. Percentage composition of basal diets on an as-fed basis
Item
Ingredient
Corn
Soybean meal (48% CP)
Corn oil
Monocalcium phosphate
Oyster shell flour
Salt
Vitamin premix2
Mineral premix3
DL-methionine
Choline premix4
Rice hulls or phytase5
Sand5
Calculated diet composition
Metabolizable energy, kcal/kg
CP, %
Lysine, mg/kg
Methionine + cystine, mg/kg
Ca, %
Total P, %

1.0% Ca,
0.45% aP1

0.9% Ca,
0.35% aP

54.74
35.73
5.13
1.56
1.50
0.40
0.25
0.25
0.17
0.07
0.20
0.00

54.74
35.73
5.13
1.08
1.44
0.40
0.25
0.25
0.17
0.07
0.20
0.54

3,200.00
21.73
1.20
0.86
1.00
0.70

3,200.00
21.73
1.20
0.86
0.90
0.60

aP = available phosphorus.
Provided the following per kilogram of diet: vitamin A, 4,500 IU;
vitamin D3, 450 IU; vitamin E, 50 IU; menadione, 1.5 mg; d-pantothenic
acid, 18.3 mg; pyridoxine, 6.4 mg; riboflavin, 15 mg; thiamin, 13.4 mg;
niacin, 50 mg; folic acid, 6 mg; d-biotin, 0.6 mg; and vitamin B12, 0.02
mg.
3
Provided per kilogram of diet: Cu, 4 mg; I, 1.0 mg; Fe, 60 mg; Mn,
60 mg; Se, 0.1 mg; Zn, 44 mg; and Ca, 723 mg.
4
Provided 500 mg choline per kilogram of diet.
5
Phytase replaced rice hulls in diets with phytase, and sand was
used to replace monocalcium phosphate and oyster shell flour in diets
formulated to 0.9% Ca and 0.35% aP.
1
2
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TABLE 2. Analyzed concentrations of phytase
and phytate in the diets1
Phytase, calculated FTU2

Phytase, analyzed FTU

Phytate, %

0, positive control
0, negative control
200
400
500
600
700
800
1,000
1,200

Not detected
Not detected
221
356
576
664
759
686
1,077
1,480

0.83
0.84
0.86
0.81
0.84
0.82
0.89
0.88
0.88
0.84

1
Diets were analyzed by BASF for phytate using HPLC (Bos et al.,
1991), and phytase activity was analyzed using the vanadate manual
method (Chen, 1996).
2
FTU = phytase units; one FTU is defined as the quantity of enzyme
required to produce 1 µmol/min of inorganic P from 5.1 mmol/L of
sodium phytate at a pH of 5.5 and a water bath temperature of 37 C.

ilized, weighed again, and ground to pass through a 1mm sieve. Following a nitric acid wet digestion, feed and
excreta samples were analyzed for calcium and phosphorus content by inductively coupled plasma emission spectrometry.8 Percentage retention and excretion of calcium
and phosphorus were determined.
At the termination of the experiment, all chicks were
killed using CO2 gas asphyxiation, and right and left
tibiae were removed and immediately cleaned of adherent tissue. The right tibiae were collected on an individual
chick basis, and the fresh bones were used for the analysis
of tibia breaking strength using an Instron威 Universal
Testing Machine9 with a load cell capacity of 500 kg, a
speed of 30 mm/min, and a bridge width of 425 mm.
The left tibiae were cleaned of cartilage, pooled by pen,
dried, extracted of fat (Soxhlet), and redried. Dry, fat-free
tibiae were then weighed and ashed, and residual weights
were taken to determine percentage ash.
Data were analyzed by ANOVA procedures using single degree of freedom contrasts. Contrasts used included:
CON vs. NEG, CON vs. CV0, NEG vs. CV0, and CV0 vs.
CV103. The shape of the response curve of the diets with
added phytase was characterized by linear and quadratic
polynomial regression using coefficients for unevenly
spaced treatments. The pen of chicks was the experimental unit for all analyses.

RESULTS
Growth Performance
Chicks fed the CON or CV0 treatments had similar (P
= 0.15) ADG and ADFI (Table 3), but ADG and ADFI
were decreased (P < 0.01) in chicks fed the NEG treatment
relative to those fed the CON or CV0 treatments. Efficiency of gain was not affected (P = 0.15) by treatment.

8

Model Optima 3000, Perkin Elmer, Norwalk, CT 06859.
Model 4301, Instron Corporation, Canton, MA 02021.

9

Average daily gain was numerically decreased (CV linear;
P < 0.09) as phytase CV increased, and the CV103 treatment did not differ (P = 0.15) from the CV0 treatment.
Feed intake was not affected (P = 0.15) by increasing CV.

Calcium and Phosphorus
Retention and Excretion
Calcium retention, as a percentage of calcium intake,
was numerically higher in chicks fed the CV0 treatment
than in the chicks fed the CON treatment (P < 0.07) containing adequate calcium, and the CV0 treatment was not
different from the reduced calcium, NEG treatment (P =
0.15). Phosphorus retention, as a percentage of phosphorus intake, was higher in chicks fed the CV0 treatment
(CON vs. CV0, P < 0.01), than in chicks fed the CON
treatment. Phosphorus retention of chicks fed the NEG
treatment (CON vs. NEG, P < 0.08) was numerically
higher than that of chicks fed the CON treatment. Calcium
(P < 0.08) and phosphorus (P < 0.07) retention were numerically decreased linearly as CV increased. The CV103
treatment was not (P = 0.15) different from the CV0 treatment for Ca retention; nor was phosphorus retention
higher (P = 0.13) in chicks fed the CV0 treatment than in
those fed the CV103 treatment. Calcium and phosphorus
excretions, as percentages of intake, are shown in Table
3. These data are the opposite of the retention data and
therefore, the effects are the same as those of the retention data.

Bone Characteristics
Bone breaking strength (P = 0.15) was similar among
chicks fed the CON and CV0 treatments, but it was reduced in bones of chicks fed the NEG (P < 0.01) treatment
relative to those fed CON or CV0. Bone breaking strength
decreased linearly (P < 0.01) as phytase CV increased,
and it was lower (P < 0.01) in the CV103 treatment than
the CV0 treatment. Bone ash percentage was reduced in
the NEG (P < 0.01) and the CV0 (P < 0.02) treatments
relative to the CON treatment, but the CV0 treatment had
greater bone ash than the NEG (P < 0.01) treatment. Bone
ash decreased linearly (P < 0.01) as phytase CV increased,
and bone ash was lower (P < 0.01) in the CV103 treatment
than in the CV0 treatment.

DISCUSSION
Diets deficient in aP are associated with decreased gain
(Cromwell et al., 1991; Potter et al., 1995) and feed intake
(Denbow et al., 1995). Increasing the availability of phytate phosphorus by dietary addition of the enzyme phytase (Lei et al., 1993; Denbow et al., 1995) reverses this
response. In this experiment, ADG and ADFI followed
expected patterns; both responses decreased in the treatment with reduced aP (NEG). Supplying 600 FTU daily
(CV0) returned gain and feed intake to that of the treatment that was adequate in calcium and aP (CON). Feed
efficiency was not affected by decreasing dietary calcium
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and aP or by phytase addition. This result is in agreement
with previous reports (Lei et al., 1993; Denbow et al.,
1995; O’Quinn et al., 1997), but contrasts with others
(Cromwell et al., 1991; Saylor et al., 1991; Young et al.,
1993) that showed an improved feed efficiency with phytase addition.
There has been little research conducted to determine
the effect of diet mix uniformity on animal growth performance. McCoy et al. (1994) reported that a mix CV as
high as 23% in a complete diet was adequate in broiler
chicks to support optimal growth performance. In our
experiment, gain decreased only slightly as phytase CV
increased, but the CV0 and CV103 treatments were not
different. Feed intake, however, tended to be lower for
the CV103 treatment than for the CV0 treatment.

Calcium and Phosphorus
Retention and Excretion
Calcium retention, as a percentage of calcium intake,
was higher in chicks fed the CV0 treatment than in chicks
fed the CON treatment. However, calcium retention in
the CV0 treatment was not different from the reducedcalcium NEG treatment. In fact, calcium retention of the
NEG treatment was numerically, but not significantly,
higher than that of the CON treatment. This response
should be expected, because calcium absorption is inversely related to calcium intake (Allan and Wood, 1994),
and calcium absorption increases with phytase addition
(Lei et al., 1993; Mroz et al., 1994; Radcliffe et al., 1995).
Calcium retention decreased linearly as phytase CV increased, but the CV103 treatment was not different from
the CV0 treatment. Calcium excretion is the opposite of
calcium retention; thus, calcium excretion was higher in
chicks fed the CON treatment than in chicks fed the CV0

treatment, and excretion increased linearly as phytase
CV increased.
Phosphorus retention, as a percentage of phosphorus
intake, was higher in chicks fed the NEG and CV0 treatments than in chicks fed the CON treatment. Under conditions of low dietary phosphorus intake, homeostasis
mechanisms of the body increase absorption and retention of phosphorus causing the higher retention in the
NEG treatment compared with the CON treatment (Allan
and Wood, 1994). The increased retention in the CV0
treatment compared with the CON treatment occurs because phytase addition allows the use of lower total dietary phosphorus levels, and because it increases retention of the phytate phosphorus that is in the diet. Our
data are consistent with these responses, in that chicks
fed the CV0 treatment had higher phosphorus retention
than those fed the CON treatment. In the present experiment, phosphorus retention decreased as phytase CV increased, resulting in phosphorus retention in the CV103
treatment tending to be lower than in the CV0 treatment.
Phosphorus excretion has been shown to decrease when
phytase is added to poultry diets (Kornegay et al., 1997).
Phosphorus excretion in the CON treatment was higher
than excretion in either the NEG or CV0 treatments. Phosphorus excretion increased linearly as phytase CV increased, and phosphorus excretion tended to be higher
from chicks fed the CV103 than from those fed the CV0
treatment. Also, calcium and phosphorus retention were
numerically lower, and calcium and phosphorus excretion were numerically higher, for the CV69 treatment than
for the CV103 treatment.
Bone response criteria also followed expected patterns;
bone breaking strength decreased when aP in the diet
was decreased, but increasing the aP by the addition of
600 FTU daily returned bone breaking strength to that of

TABLE 3. Effect of phytase fed at different CV on growth performance, mineral retention, and bone breaking strength of chicks1
Contrasts,2 P <

CON3

Item
4

ADG, g/d
ADFI,4 g/d
Gain:feed
Ca retained,6 %
P retained,6 %
Ca excreted,6 %
P excreted,6 %
Bone strength, kg
Bone ash,7 %

41.47
59.46
0.698
53.45
51.08
46.55
48.92
3.79
55.25

NEG
36.95
52.12
0.709
56.01
57.63
43.99
42.37
2.33
50.75

CV0
41.56
59.57
0.698
60.34
62.21
39.66
37.79
3.57
54.06

CV17
41.72
58.98
0.708
58.92
60.09
41.08
39.91
3.60
53.83

CV34
40.95
57.31
0.714
59.41
61.68
40.59
38.32
3.38
53.48

CV69
40.74
58.92
0.691
54.53
56.49
45.47
43.51
3.47
53.14

CV103
40.16
57.57
0.698
55.62
57.11
44.38
42.89
3.10
52.63

SEM
0.69
0.88
0.008
2.44
2.40
2.44
2.40
0.11
0.34

CON
vs.
NEG
0.01
0.01
NS
NS
0.08
NS
0.08
0.01
0.01

CON
vs.
CV0
5

NS
NS
NS
0.07
0.01
0.07
0.01
NS
0.02

NEG
vs.
CV0

CV0
vs.
CV103

Linear

0.01
0.01
NS
NS
NS
NS
NS
0.01
0.01

NS
0.12
NS
NS
0.13
NS
0.13
0.01
0.01

0.09
NS
NS
0.08
0.07
0.08
0.07
0.01
0.01

1
Data are the means of six or seven replications of seven chicks each. Average initial and final weights were 74.5 and 803.3 g. The experimental
period was 18 d.
2
Treatments with increasing phytase CV were analyzed for linear and quadratic effects using orthogonal contrasts for unevenly spaced treatments.
There were no significant quadratic effects.
3
Ten diets were used to create the following seven treatments: 1) positive control (CON; Ca, 1.0%; aP, 0.45%), 2) negative control (NEG; Ca,
0.9%; aP, 0.35%), 3) NEG + 600 phytase units (FTU) daily (CV0), 4) NEG + 500 or 700 FTU (CV17), 5) NEG + 400 or 800 FTU (CV34), 6) NEG +
200 or 1,000 FTU (CV69), or 7) NEG + 0 or 1,200 FTU (CV103). All treatments had feed in two feeders, which were switched daily.
4
ADG = average daily gain; ADFI = average daily feed intake.
5
NS = contrasts were not significantly different (P = 0.15).
6
Calcium and P retention and excretion were determined as a percentage of intake using calculated values for dietary Ca and P.
7
Bones were dried at 110 C, and fat was removed using ether extraction.
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TABLE 4. Phytase CV where response criteria is significantly
different1 from those of the CV0 treatment
Criteria
2

ADG, g/d
ADFI,2 g/d
Gain:feed
Ca retention,3 %
P retention,3 %
Bone strength
Bone ash

CV

P>F

SEM

103
34
103
69
69
103
69

0.16
0.08
0.15
0.08
0.08
0.01
0.08

0.69
0.88
0.008
2.44
2.40
0.11
0.34

1

Using single degree of freedom comparisons.
ADG = average daily gain; ADFI = average daily feed intake.
3
Calcium and P retention was determined as a percentage of intake
using calculated values for dietary Ca and P.
2

the CON diet. These responses are in agreement with
other research (Denbow et al., 1995; O’Quinn et al., 1997).
Bone breaking strength decreased linearly as CV increased, resulting in a lower breaking strength for the
CV103 treatment compared with the CV0 treatment.
Traylor (1997) reported no differences in growth performance or bone breaking strength in finishing barrows
when decreased mix time of a complete diet increased
CV percentage to 53%. However, Traylor also reported
improved ADG, ADFI, and gain:feed in nursery pigs
when mix uniformity increased, suggesting that the
smaller pig was more sensitive to increased diet CV percentage.
Bone ash percentage was reduced in the NEG and CV0
treatments relative to the CON treatment, but the CV0
treatment had greater bone ash than the NEG treatment.
Bone ash decreased linearly as phytase CV increased,
resulting in lower bone ash from the CV103 treatment
than from the CV0 treatment. In a review of the utilization
of phytate phosphorus, Nelson (1967) stated that bone
ash was one of the most sensitive criteria for evaluation
of dietary phosphorus utilization. Our data agree with
Nelson, in that bone breaking strength and bone ash percentage were the only response criteria sensitive enough
to show a slight difference between the CV0 and
CV103 treatments.
Increasing simulated CV linearly decreased gain, bone
breaking strength and ash, and calcium and phosphorus
retention and increased phosphorus excretion. However,
only in the bone criteria was there a significant difference
between the treatment with 600 FTU daily and the treatment with 0 FTU one day and 1,200 FTU the following day
(CV0 and CV103 treatments). This result was probably a
result of the tendency for phosphorus retention to decrease in the CV103 treatment.
A statistical analysis was conducted that compared the
CV0 treatment with each of the other CV treatments for
each response variable. Table 4 presents a summary of
that analysis. For each response variable, the CV that
differed significantly from the CV0 treatment is shown.
The response criteria of ADG, gain:feed, and bone breaking strength were not significantly lower than the CV0
treatment until the CV103 treatment was reached. Calcium and phosphorus retention and bone ash were sig-

nificantly lower for the CV69 treatment. However, calcium retention increased from the CV69 to the CV103
treatments, so that the CV103 treatment was not lower
than the CV0 treatment. Average daily feed intake was
lower for the CV34 treatment; however, several factors
may be involved in feed intake, and it increased again for
the CV69 treatment. In this experiment, increased phytase
mix CV was simulated by providing two dietary concentrations of phytase for each treatment. The two phytase
concentrations were alternated daily. This procedure is
not exactly the condition that would be present in an
industry situation, where feed with phytase concentrations ranging from low to high would be available at all
times. For example, if a feed was prepared that had a
phytase mix CV of 17% and an intended phytase concentration of 600 FTU, a chick might have a meal with a
phytase concentration of 500 FTU (or even 400 FTU), but
2 h later the same chick might have a meal with a phytase
concentration of 700 FTU (or even 800 FTU). In this situation, based on this research, no change in growth performance or bone mineralization would be expected. Additionally, any variation in mix uniformity within each diet
was not taken into account, and would further increase
the CV that was actually present in the treatment. Therefore, the simulation used presented more severe conditions than are present in an industry situation. Thus, this
research technique can be used to evaluate the effects
of increasing mix uniformity CV on chick performance.
Considering the poorer response in calcium and phosphorus retention and bone ash from the CV69 than the CV0
treatment, a phytase CV between 34 and 69% will probably continue to support optimum chick performance
while minimizing phosphorus excretion.
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